Clonal variation in response to adrenocorticotropin in cultured bovine adrenocortical cells: relationship to senescence.
During cellular senescence, non-clonal cultures of bovine adrenocortical cells show a continuous decline in the rate of production of cyclic AMP (cAMP) stimulated by adrenocorticotropin (ACTH), without changes in the rate of forskolin- or prostaglandin E1-stimulated cAMP production. We investigated the possible mechanisms for loss of response to ACTH by examining the properties of clones of bovine adrenocortical cells. ACTH-stimulated cAMP production rates were measured in clones immediately after isolation, during long-term growth following isolation, and after subcloning. ACTH-stimulated rates were compared with cAMP production in response to forskolin, which acts directly on the catalytic subunit of adenylate cyclase. The results show that cloning is not necessarily associated with a loss of response to ACTH, but that clones with high ACTH response can give rise to subclones with low response. Clones of adrenocortical cells, at the same approximate population doubling level (PDL), showed ACTH response levels that ranged from 12 to 135 pmol cAMP/10(6) cells/min, whereas mass cultures at this PDL showed approximately 50 pmol/10(6) cells/min. Forskolin-stimulated cAMP production rates in clones varied only over the range of 59-119 pmol/10(6) cells/min and showed no correlation with the ACTH-stimulated rates. All clones were adrenocortical cells, as shown by mitogenic response to angiotensin II and cAMP-inducible 17 alpha-hydroxylase activity. The replicative potential of clones varied widely, and there was no apparent correlation between ACTH response levels and growth potential. The level of ACTH response in each clone was stable during proliferation through at least 25 PD beyond the stage at which the clone was isolated. When clones were subcloned, a clone with a high ACTH response level produced sister subclones that had ACTH response levels ranging from 3% of that of the parent clone to a level slightly greater than that of the parent clone. The growth potential of sister subclones varied widely, as for the parent clones, and there was no obvious correlation between growth potential and ACTH response. Two subclones were cloned; in sub-subclones, levels of ACTH response were again different from each other and also from the parent subclone; in one case, the level of ACTH response was approximately eight-fold higher than that of the parent subclone. These experiments show that clonal variation in the extent of expression of a differentiated property may occur in a normal differentiated cell in culture. The loss of ACTH response and the loss of proliferative potential appear to be independent stochastic events.